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Washington, DC 20231 

Dear Sir: 

This Preliminary Amendment is directed to a new U.S. apphcation as identified above. 
Please enter this preliminary amendment prior to calculating the fees. 

IN THE SPECIFICATION ; 

Page 1, line 1, delete "SPECIFICATION"; 

line 5, delete "TECHNICAL FIELD" and insert therefor -BACKGROUND OF 
THE INVENTION-; and line 12, delete "BACKGROUND ART". 

Page 7, line 5, delete "BEST MODE FOR CARRYING OUT" and insert therefor 
-DETAILED DESCRIPTION OF-. 
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IN THE CLAIMS (As Amended to Incorporate the Article 34 Amendments) : 

Please amend claims 1-8, as follows: 

1 . (Amended) A method for manufacturing a printed circuit board [characterized by] 
comprising the steps of: 

coating a lower surface and an upper surface of an insulative substrate respectively with a 
lower surface metal foil and an upper surface metal foil, the thickness of which is less than that 
of the lower surface metal foil; 

forming an opening in the upper surface metal foil at a location corresponding to a blind 
via hole formation portion of the insulative substrate; 

forming a blind via hole, the bottom of which is the lower surface metal foil, by emitting 
a laser against the blind via hole formation portion through the opening; 

applying a conductor to the blind via hole; and 

foraiing an upper surface pattern and a lower surface pattern by respectively etching the 
upper surface metal foil and the lower surface metal foil. 

2. (Amended) A method for manufacturing a printed circuit board [characterized by] 
comprising t he steps of: 

coating a lower surface and an upper surface of an insulative substrate respectively with a 
lower surface metal foil and an upper surface metal foil, the thickness of which is less than that 
of the lower surface metal foil; 

forming an upper surface pattern and a lower surface pattern by respectively etching the 
upper surface metal foil and the lower surface metal foil, wherein the upper surface pattern has 
an opening exposing the upper surface of the insulative substrate at a location corresponding to a 
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blind via hole formation portion, and the lower surface pattern covers the lower surface of the 
insulative substrate at a location corresponding to the blind via hole formation portion; 

forming a blind via hole, the bottom of which is the lower surface pattern, by emitting a 
laser against the insulative substrate through the opening; and 

applying a conductor to the bhnd via hole. 

3. (Amended) The printed circuit board manufacturing method according to claim 1 [or 
2], [characterized in that] wherein the upper surface and lower surface metal foil coating step 
includes a step of coating the upper surface and the lower surface, respectively, with an upper 
surface metal foil and a lower surface metal foil that have the same thickness, and a step for 
etching the upper surface metal foil 

4. (Amended) The printed circuit board manufacturing method according to claim 1 [or 
2], [characterized in that] wherein the upper surface and lower surface metal foil coating step 
includes a step for coating the upper surface and the lower surface, respectively, with an upper 
surface metal foil and a lower surface metal foil that have the same thickness, and a step for 
further coating the lower surface metal foil with a metal plating film. 

5. (Amended) The printed circuit board manufacturing method according to claim 1 [or 
2], [characterized in that] wherein the upper surface and lower surface metal foil coating step 
includes a step for coating the upper surface and the lower surface, respectively, with an upper 
surface metal foil and a lower surface metal foil that have the same thickness, and a step for 
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performing a sandblast treatment to the upper surface metal foil so that the thickness of the upper 
surface metal foil becomes less that of the lower surface metal foil. 

6. (Amended) The printed circuit board manufacturing method according to claim 1 [or 
2], [characterized in that] wherein the thickness of the upper surface pattern is 2 to 12 ixm. 

7. (Amended) The printed circuit board manufacturing method according to claim 1 [or 
2], [characterized in that] wherein the thickness of the lower surface pattern is 15 to 25)am. 

8. (Amended) A printed circuit board [characterized by] comprising : 
an insulative substrate; 

an upper surface pattern and a lower surface pattern provided, respectively, on an upper 
surface and a lower surface of the insulative substrate; and 

a blind via hole for electrically connecting the upper surface pattern and the lower surface 
pattern, wherein an upper portion of the blind via hole is opened and a bottom of the blind via 
hole is covered by the lower surface pattern, the thickness of the upper surface pattern being less 
than that of the lower surface pattern. 

Please add claims 9-13, as follows: 

9. (New) The printed circuit board manufacturing method according to claim 2, wherein the 
upper surface and lower surface metal foil coating step includes a step of coating the upper 
surface and the lower surface, respectively, with an upper surface metal foil and a lower surface 
metal foil that have the same thickness, and a step for etching the upper surface metal foil. 
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10. (New) The printed circuit board manufacturing method according to claim 2, wherein the 
upper surface and lower surface metal foil coating step includes a step for coating the upper 
surface and the lower surface, respectively, with an upper surface metal foil and a lower surface 
metal foil that have the same thickness, and a step for further coating the lower surface metal foil 
with a metal plating film. 

1 1 . (New) The printed circuit board manufacturing method according to claim 2, wherein the 
upper surface and lower surface metal foil coating step includes a step for coating the upper 
surface and the lower surface, respectively, with an upper surface metal foil and a lower surface 
metal foil that have the same thickness, and a step for performing a sandblast treatment to the 
upper surface metal foil so that the thickness of the upper surface metal foil becomes less that of 
the lower surface metal foil 

12. (New) The printed circuit board manufacturing method according to claim 2, wherein the 
thickness of the upper surface pattern is 2 to 12|am. 

13. (New) The printed circuit board manufacturing method according to claim 2, wherein the 
thickness of the lower surface pattern is 15 to 25iu,m. 

IN THE DRAWINGS : 

Amend Figs. 4(a), 4(b) and 4(x) to include the legend -(Prior Art)--, as indicated in red on 
the attached copies of Figs. 4(a), 4(b) and 4(x). 
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REMARKS 



Claims 1-13 are active in the present application. This application has been amended to 
insert headings in t he specification, to eliminate the multiple dependencies in the claims, to 
incorporate Article 34 Amendments from the corresponding PCT application and to amend the 
Figs. 4(a), 4(b) and 4(x). Entry of the amendments and early consideration and allowance are 
respectfully requested. 



Dated: January 3, 2001 

BOYLE FREDRICKSON NEWHOLM 

STEIN &GRATZS.C. 
250 Plaza, Suite 1030 
150 East Wisconsin Avenue 
Milwaukee, WI 53202 
Telephone: (414) 225-9755 
Facsimile: (414) 225-9753 



Respectfully submitted, 




James F. Boyle ^ 
Registration No. 33,653 
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Applicant submits herewith one sheet of drawings with red ink markings showing the 
proposed changes to Figs. 4(a), 4(b) and 4(s) for which the approval of the Examiner is 
requested. The drawing is amended to include the legend "Prior Art" as discussed at page 5 of 
the Preliminary Amendment filed herewith. Upon the Examiner's approval and allowance of 
this application, applicant will submit formal drawings incorporating the proposed changes. 
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SPECIFICATION 

PRINTED CIRCUIT BOARD AND METHOD OF MANUFACTURING SAME 

5 TECHNICAL FIELD 

The present invention relates to a printed circuit 
board and a method of manufacturing same, and more 
particularly, to the formation of a pattern and the 
10 formation of a blind via hole on a printed circuit board. 

BACKGROUND ART 

In the prior art, a printed circuit board includes an 
15 insulative substrate having an upper surface on which an 

upper surface pattern is formed and a lower surface on which 
a lower surface pattern is formed, and blind via holes for 
electrically connecting the upper and lower surface 
patterns. Du^ to the recent trend of greater integration, a 
20 blind via hole is formed by a laser so that it has a 

microscopic diameter . 

To form a blind via hole with a laser, as shown in Fig. 
4 (a) , an upper surface and a lower surface of an insulative 

25 substrate 95 are respectively coated by upper surface and 

lower surface metal foils 921, 922. An opening 920 is 
formed in the upper surface metal foil 921 in correspondence 
with a blind via hole formation portion 935, and a laser 94 
is emitted toward the opening 920. The laser 94 forms an 

30 opening in the insulative substrate 95 at a position 

corresponding to the blind via hole formation portion 935 
and forms a blind via hole 93 that extends to the lower 



-1- 



surface metal foil 922. As shown in Fig. 4(b), after the 
formation of the blind via hole 93 is completed, chemical 
plating or electroplating is performed to form a metal 
plating film 923 on the wall of the blind via hole 93. 

However, since the metal foil is thick in the 
conventional printed circuit board, etching must be 
performed under severe conditions, and etching takes time. 
Thus, the formation of the upper surface pattern through 
etching is difficult. This decreases work efficiency. 

Accordingly, the thickness of the metal foil may be 
reduced. However, in this case, as shown in Fig. 4 (x) , the 
thickness of the lower surface metal foil 922 is reduced, 
the laser 94 may inflict damage 929 on the lower surface 
metal foil 922. 

It is an object of the present invention to provide a 
printed circuit board and method of manufacturing same that 
facilitate the formation of the upper surface pattern and 
prevent a laser from damaging the lower metal foil when 
forming blind via holes. 

SUMMARY OF THE INVENTION 

A first embodiment according to the present invention 
proposes a method for manufacturing a printed circuit board. 
The method includes the steps of coating a lower surface and 
an upper surface of an insulative substrate, respectively, 
with a lower surface metal foil and an upper surface metal 
foil, the thickness of which is less than that of the lower 
surface metal foil, forming an opening in the upper surface 



metal foil at a portion corresponding to a blind via hole 
formation portion of the insulative substrate, forming a 
blind via hole, the bottom of which is the lower surface 
metal foil,, by emitting a laser against the blind via hole 
5 formation portion through the opening, applying a conductor 

to the blind via hole,, and forming an upper surface pattern 
and a lower surface pattern by respectively etching the 
upper surface metal foil and the lower surface metal foil. 

10 The thickness of the upper surface metal foil is less 

than the thickness of the lower surface metal foil. This 
facilitates etching of the upper surface pattern, and the 
thickness of the lower surface metal foil is such that the 
lower surface metal foil is prevented from being damaged by 

15 the emission of a laser during formation of the blind via 

hole. Accordingly, the upper pattern is easily formed 
through etching, damage to the lower surface pattern due to 
the laser emission is prevented, and a conductor is applied 
to the blind ;via hole in a satisfactory state. 

20 

When making the upper surface metal foil thinner than 
the lower surface metal foil, after both surfaces of the 
insulative substrate are respectively coated with an upper 
surface metal foil and a lower surface metal foil that have 
25 the same thickness, it is preferred that etching be 

performed on the upper surface metal foil to remove part of 
the upper surface metal foil. In this manner, by performing 
etching in a single step, the formation of the thin upper 
surface metal foil is facilitated. 



30 



Alternatively, when making the upper surface metal foil 
thinner than the lower surface metal foil, after both 
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surfaces of the insulative substrate are respectively coated 
with an upper surface metal foil and a lower surface metal 
foil that have the same thickness, a metal plating film may 
further be applied to the surface of the lower metal foil. 

It is preferred that the thickness of the upper surface 
pattern be 2 to 12pm. When thinner than 2vim, the strength 
of the upper pattern may be insufficient. When thicker than 
12]jm^ etching may be difficult during the formation of the 
upper surface pattern. 

It is preferred that the thickness of the lower surface 
pattern be 15 to 25pm. When thinner than 15|am, the lower 
surface pattern, which defines the bottom of the blind via 
hole, may be damaged by the laser emission. Further, there 
is no benefit to making the thickness greater than 25|am. 

To apply a conductor to the via hole, for example, 
chemical plating and electroplating may be performed to form 
a metal plating film on the wall of the via hole or the 
interior of the via hole may be filled with a conductive 
material, such as solder. However, other methods may be 
employed to apply a conductor. 

A resin material, such as epoxy, polyimide, and 
bismaleimidetriazine, or a filler-containing multiple resin 
substrate made of these resin materials in addition to glass 
cloth and glass filler may be used as the insulative 
substrate . 

The upper surface metal foil and the lower surface 
metal foil may, for example, both be made of copper foil, 



although other materials may be used. 



In the above manufacturing method, the upper surface 
pattern and the lower surface pattern are formed after 
5 applying a conductor to the blind via hole. However, the 

upper surface pattern and the lower surface pattern may be 
formed before forming the blind via hole. 

That is, in a second embodiment according to the 

10 present invention, a method for manufacturing a printed 

circuit board includes the steps of coating a lower surface 
and an upper surface of an insulative substrate respectively 
with a lower surface metal foil and an upper surface metal 
foil the thickness of which is less than that of the lower 

15 surface metal foil and forming an upper surface pattern and 

a lower surface pattern by respectively etching the upper 
surface metal foil and the lower surface metal foil. The 
upper surface pattern has an opening exposing the upper 
surface of thp insulative substrate at a portion 

20 corresponding to a blind via hole formation portion. The 

lower surface pattern covers the lower surface of the 
insulative substrate at a portion corresponding to the blind 
via hole formation portion. The method further includes the 
steps of forming a blind via hole, the bottom of which is 

25 the lower surface pattern, by emitting a laser against the 

insulative substrate through the opening, and applying a 
conductor to the blind via hole. 



The manufacturing method of the second embodiment 
30 obtains the same effects as the manufacturing method of the 

first aspect. The details are the same as the manufacturing 
method of the first embodiment. 
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A third embodiment provides a printed circuit board 
obtained through the manufacturing method of the first or 
second embodiments. The printed circuit board includes an 
insulative substrate, an upper surface pattern and a lower 
5 surface pattern provided, respectively, on an upper surface 

and a lower surface of the insulative substrate, and a blind 
via hole for electrically connecting the upper surface 
pattern and the lower surface pattern. An upper portion of 
the blind via hole is opened and a bottom of the blind via 
10 hole is covered by the lower surface pattern. The thickness 

of the upper surface pattern is less than that of the lower 
surface pattern. 



The upper surface pattern is thinner than the lower 
15 surface pattern. Thus, when manufacturing the printed 

circuit board, etching for forming the upper surface pattern 
is facilitated. Further, the lower surface pattern, which 
defines the bottom of the blind via hole, is not damaged by 
the laser emission, and the blind via hole is formed in a 
20 satisfactory state. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic cross-sectional view showing a 
25 printed circuit board according to an embodiment of the 

present invention; 

Fig. 2 is a schematic cross-sectional view showing a 
printed circuit board according to an embodiment of the 
present invention; 
30 Figs. 3(a) to 3(i) are explanatory diagrams 

illustrating a method for manufacturing a printed circuit 
board according to an embodiment of the present invention; 



-6- 



and 

Fig, 4 is an explanatory view showing a method for 
manufacturing prior examples of printed circuit boards. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

A printed circuit board according to an embodiment of 
the present invention will now be described with reference 
to Figs. 1 to 4. 



As shown in Figs. 1 and 2^ a printed circuit board 4 
includes an insulative substrate 5, an upper surface pattern 
21 formed on the upper surface of the insulative substrate 
5^ a lower surface pattern 22 formed on the lower surface of 
15 the insulative substrate 5^ and blind via holes 3 

electrically connecting the upper surface pattern 21 and the 
lower surface pattern 22. The upper portions of the blind 
via holes 3 are opened, and the lower portions of the blind 
via holes 3 a^e covered by the lower surface pattern 22. 

20 

As shown in Fig. \, the thickness t of the upper 
surface pattern 21 is less than the thickness T of the lower 
surface pattern 22. The difference between the thickness T 
of the lower surface pattern 22 and the thickness t of the 
25 upper surface pattern 21 is substantially the same as the 

thickness of the plating applied to the blind via holes and 
is about 3 to 10pm. 

The surfaces of the upper surface pattern 21 and the 
30 lower surface pattern 22 and the walls of the blind via 

holes 3 are coated by a metal plating film 23. The surface 
of the insulative substrate 5, including the interiors of 
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the blind via holes 3^ is coated with a solder resist 55. 
Connection balls 61^ which are connected to an electronic 
component 71, are adhered to the upper surface pattern 21 
via a metal plating film 231. Further^, solder balls 6, 
which are used to arrange the printed circuit board 4 on an 
external substrate, are adhered to the lower surface pattern 
22 via a metal plating film 231. 

A method for manufacturing the printed circuit board 
will now be described. 

Referring to Fig. 3(a)y- a glass epoxy substrate, which 
is used as the insulative substrate 5, is first prepared. 
Then, the upper and lower surfaces of the insulative 
substrate 5 are respectively coated by an upper surface 
metal foil 210 and a lower surface metal foil 220. The 
thickness t of the upper surface metal foil 210 is less than 
the thickness T of the lower surface metal foil 220. It is 
preferred that the coating of the upper surface metal foil 
210 and the lower surface metal foil 220 be substances 
having thicknesses t and T, respectively. As an alternative 
example, a surface treatment, such as sandblasting, may be 
performed to adjust the thickness of the upper surface metal 
foil so that the thickness t of the upper surface metal foil 
210 becomes less than the thickness T of the lower surface 
metal foil 220, Further, upper surface and lower surface 
metal foils having the same thickness may be respectively 
applied to the upper surface and lower surface of the 
insulative substrate 5, and the upper surface metal foil may 
be etched until it is reduced to the thickness t to form the 
upper surface metal foil 210. The upper surface metal foil 
210 and the lower surface metal foil 220 are preferably 



copper foils. 



Then, as shown in Fig. 3 (b) ^ a portion of the upper 
surface metal foil 210 corresponding to a blind via hole 
5 formation portion 35 of the insulative substrate 5 is etched 

to form an opening 213. 

Then, a laser 8 is emitted against the surface of the 
surface of the insulative substrate 5 exposed by the opening 
10 213, or the blind via hole formation portion 35. This forms 

the blind via hole 3, the bottom of which is the lower 
surface metal foil 220, as shown in Fig. 3(c). 



Then, with reference to Fig. 3(d), a chemical copper 
15 plating and an electric copper plating are applied to the 

wall of the blind via hole 3 to form the metal plating film 
23. The surfaces of the upper surface metal foil 210 and 
the lower surface metal foil 220 are also coated by the 
metal plating^ film 23. 

20 

Then, with reference to Fig. 3(e), the upper surface 
metal foil 210 and the lower surface metal foil 220 are 
etched to form the upper surface pattern 21 and the lower 
surface pattern 22. 

25 

Then, with reference to Fig. 3(f), the solder resist 55 
is applied to the upper surface and lower surface of the 
insulative substrate 5. The solder resist 55 is applied so 
that a connection ball adhering portion 211 of the upper 
30 surface pattern 21 and a solder ball adhering portion 221 of 

the lower surface pattern 22 are exposed. 
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Then, as shown in Fig. 3(g), a metal plating film 231, 
which is formed from nickel and gold, is applied to the 
connection ball adhering portion 211 of the upper surface 
pattern 21 and the solder ball adhering portion 221 of the 
lower surface pattern 22. 

Then, as shown in Fig. 3(h), the electronic component 
71 is adhered to the connection ball adhering portion 211 of 
the upper surface pattern 21 by the connection ball 61, 
which is formed from solder. 

Then, as shown in Fig. 3(i), under filling is performed 
using a filling material 59, such as an epoxy resin. 

The printed circuit board 4 of Figs. 1 and 2 is 
manufactured as described above. 

The operation and advantages of the present embodiment 
will now be discussed. 

In the printed circuit board manufacturing method 
according to the present embodiment, the thickness t of the 
upper surface metal foil 210 is less than the thickness T of 
the lower surface metal foil 220. Thus, with reference to 
Fig. 3(e), this facilitates etching when etching the thin 
upper surface metal foil 210 to form the upper surface 
pattern 21. Further, as shown in Fig. 3(b), the thick lower 
surface metal foil 220 is not damaged by the emission of the 
laser 8 during formation of the blind via hole. 

Accordingly, the manufacturing method of the present 
embodiment enables the upper surface pattern 21 to be easily 



formed through etching. Further, the lower surface pattern 
22, which is the bottom of the blind via hole, is prevented 
from being damaged by the laser emission during formation of 
the blind via hole, and a conductor is applied to the blind 
via hole 3 in a satisfactory state. 



/ 
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CLAIMS: 



1, A method for manufacturing a printed circuit board 
characterized by the steps of: 

coating a lower surface and an upper surface of an 
insulative substrate respectively with a lower surface metal 
foil and a lower surface metal foil, the thickness of which 
is less than that of the lower surface metal foil; 

forming an opening in the upper surface metal foil at a 
location corresponding to a blind via hole formation portion 
of the insulative substrate; 

forming a blind via hole, the bottom of which is the 
lower surface metal foil, by emitting a laser against the 
blind via hole formation portion through the opening; 

applying a conductor to the blind via hole; and 

forming an upper surface pattern and a lower surface 
pattern by respectively etching the upper surface metal foil 
and the lower surface metal foil. 

2. A method for manufacturing a printed circuit board 
characterized by the steps of: 

coating a lower surface and an upper surface of an 
insulative substrate respectively with a lower surface metal 
foil and an upper surface metal foil, the thickness of which 
is less than that of the lower surface metal foil; 

forming an upper surface pattern and a lower surface 
pattern by respectively etching the upper surface metal foil 
and the lower surface metal foil, wherein the upper surface 
pattern has an opening exposing the upper surface of the 
insulative substrate at a location corresponding to a blind 
via hole formation portion, and the lower surface pattern 
covers the lower surface of the insulative substrate at a 



location corresponding to the blind via hole formation 
portion; 

forming a blind via hole, the bottom of which is the 
lower surface pattern, by emitting a laser against the 
insulative substrate through the opening; and 

applying a conductor to the blind via hole. 

3. The printed circuit board manufacturing method 
according to claim 1 or 2, characterized in that the upper 
surface and lower surface metal foil coating step includes a 
step of coating the upper surface and the lower surface, 
respectively, with an upper surface metal foil and a lower 
surface metal foil that have the same thickness, and a step 
for etching the upper surface metal foil. 

4. The printed circuit board manufacturing method 
according to claim 1 or 2, characterized in that the upper 
surface and lower surface metal foil coating step includes a 
step for coat;Lng the upper surface and the lower surface, 
respectively, with an upper surface metal foil and a lower 
surface metal foil that have the same thickness, and a step 
for further coating the lower surface metal foil with a 
metal plating film. 

5. The printed circuit board manufacturing method 
according to claim 1 or 2, characterized in that the upper 
surface and lower surface metal foil coating step includes a 
step for coating the upper surface and the lower surface, 
respectively, with an upper surface metal foil and a lower 
surface metal foil that have the same thickness, and a step 
for performing a sandblast treatment to the upper surface 
metal foil so that the thickness of the upper surface metal 



foil becomes less that of the lower surface metal foil. 
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6. The printed circuit board manufacturing method 
according to claim 1 or 2, characterized in that the 
thickness of the upper surface pattern is 2 to 12ijm. 

7. The printed circuit board manufacturing method 
according to claim 1 or 2, characterized in that the 
thickness of the lower surface pattern is 15 to 25vLm. 



8. A printed circuit board characterized by: 
an insulative substrate; 

an upper surface pattern and a lower surface pattern 
provided, respectively, on an upper surface and a lower 
15 surface of the insulative substrate; and 

a blind via hole for electrically connecting the upper 
surface pattern and the lower surface pattern, wherein an 
upper portion of the blind via hole is opened and a bottom 
of the blind via hole is covered by the lower surface 
20 pattern, the thickness of the upper surface pattern being 

less than that of the lower surface pattern. 
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ABSTRACT 



A printed circuit board and a method for manufacturing 
the same that facilitates the formation of an upper surface 
5 pattern and prevents a lower surface metal foil from being 

damaged when forming a blind via hole with a laser is 
provided. A lower surface and an upper surface of an 
insulative substrate (5) are respectively coated with a 
lower surface metal foil (220) and an upper surface metal 

LO foil (210), the thickness of which is less than that of the 

lower surface metal foil (220) . Next, an opening (213) is 
formed in the upper surface metal foil at a location 
corresponding to a blind via hole formation portion (35) of 
the insulative substrate. A blind via hole (3), the bottom 

15 of which is the lower surface metal foil, is formed by 

emitting a laser (8) against the blind via hole formation 
portion (35) through the opening (213) . Then, a metal 
plating film (23) is applied to the wall of the blind via 
hole (3), and/ an upper surface pattern (21) and a lower 

20 surface pattern (22) are formed through etching. 
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Fig. 3(a) 
Fig. 3 (b) 



Fig. 3(c) 
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